Many OECD (Organization for Economic Co-operation and Development) countries have implemented national suicide prevention strategies. An accurate forecast of future suicide rate, if available, will be useful for planning and evaluation of a suicide prevention strategy. Therefore, we have developed a simple forecasting model of suicide rate for 15 OECD countries. We use the experience curve model with the data from 1960 to 2005 to forecast suicide rate for each of the 15 countries. In the experience curve analysis, the independent variable is the cumulative population size and the dependent variable is suicide rate for each country. For the 15 countries, the application of the experience curve generates the averaged experience slope of 61.2%, implying a reduction of 38.8% in suicide rate as the cumulative population size is doubled. Using the estimated experienced equation, we forecast both suicide rate and the number of deaths from suicide in years 2010, 2020 and 2030 for each of the 15 countries. The use of the experience curve generates long-term future suicide rate which may be useful input in developing a national prevention strategy.
Introduction
According to the World Health Organization (WHO), approximately one million people worldwide die from suicide every year, which is equivalent to a global suicide rate of 16 people per 100,000 or to one death for every 40 seconds.
Many OECD countries have implemented national suicide prevention strategies to reduce their suicide rates. Historically, systematic suicide prevention programs were launched as early as 1906 in both New York and London (Bertolote, 2004) . After the WHO and UN (1996) published a document on Prevention of Suicide: Guidelines for the Formulation and Implementation of National Strategies in 1996, a number of OECD countries have responded by initiating or consolidating existing prevention activities into their own national strategies. Subsequently, the Suicide Prevention in Europe report (2002) listed 38 European countries with their national suicide prevention strategies.
A number of experts (Bertolote (2004) , Hawton (1998) ) recommend that such prevention programs must clearly spell out their objectives and targets in a given time frame in order to generate a significant reduction in suicide rate. However, a majority of countries appear not to have set specific quantitative suicide reduction targets in their strategies.
1 Why, then, a majority of strategies are without specific reduction targets? It may be due to "the difficulty of predicting suicide, and the pressure that targets might place on psychiatric services." The difficulty of forecasting is directly related to the fact that suicide is influenced by an extremely large number of complex and interacting factors ranging from social, economic, health, mental health and cultural to even seasonal and climate factors (Gunnell and Frankel (1994) ; Hawton (1998) ; Bertolote (2004) ; Mann, et al. (2005) ). Thus, empirical analysis of historical suicide rates requires multivariate models where a large number of these factors are used as independent variables (Agerbo, et al. (2006) ; Begley and Quayle (2007) ; Kung, et al. (2003) ; Lee, et al. (2006) ; Lin, et al. (2008) ; Lorant, et al. (2005) ; Qin, et al. (2003) ; Smith, et al. (1988) ; Virén (1999) ; Yang (1992) ; Yang and Lester (2009) ). To apply a multivariate model for long-term forecasting, however, all of the independent variables need to be predicted. However, it is not likely that such predictions can be made precisely. Elvik (2010) concludes that "even trend lines that fit past trends very closely are usually worthless for predictive purpose".
3 As for the results from the complex models, Elvik concludes that "although a multivariate model may fit historical data better than a simple trend line, it may not provide a better basis for prediction. To apply a multivariate model for prediction all explanatory variables need to be predicted." "It is very unlikely that a meaningful basis for such prediction could be developed." 4 Thus, we have searched for a simple forecasting model as alternate to multivariate models. We have selected what is known as experience curve forecasting model which has been used successfully in many areas including industrial, health care and renewable energy sectors. Specifically, we use an experience curve with the data from 1960 to 2005 to forecast suicide rate for 15 OECD countries. In our experience curve analysis, the independent variable is the cumulative population size and the dependent variable is suicide rate per population size of 100,000 for each country. For independent variable, cumulative number of people who tried to commit suicide will be ideal, but such data is not available that we used cumulative population as our independent variable instead. Moreover, projected number of independent variable is necessary to forecast the dependent variable that population was the most suitable independent variable that we could use.
The rest of this paper is made up of the following four parts. In Section 2, we briefly review a literature on the use of experience curve for forecasting and explain the methodologies of experience curve analyses. In Section 3, we use the classical experience curve to analyze the historical data on suicide rate for 25 OECD countries. Then, we examine the historical pattern of suicide rate for 15 selected OECD countries by using two types of experience curve models, classical and kinked.
In section 4, we make forecast of suicide rate as well as the number of suicides for the year of 2010, 2020, and 2030. For our forecasting model, we use the second type of kinked experience curve. In section 5, we summarize the results of our forecast, discuss the limitations of our study and suggest areas of future research.
Materials and Methods
Beginning with the study of the man-hours required for manufacturing Boeing aircrafts by Wright (1936) , experience curve models have been applied widely in industrial sectors (Day (1977) ; Day and Montgomery (1983) ; Dutton and Thomas (1984) ; Lieberman (1984) ; Stern and Deimler (2006) ). Recently, the experience curve analysis has attracted renewed interest, especially in new technology areas such as health care, alternative energy, and climate control (Brahami (2008); Chambers and Johnston (2000) ; Ethana and Clara (2002); Grantcharov, et al. (2003) ; Hopper, et al. (2007) ; Horowitz and Salzhauer (2006) ; Nemet (2006) ; Weiss, et al. (2010) ; Yeh, et al. (2005) ). In a recent review article on the application of experience curve, Weiss et al. (2010b) identifies 124 cases of applications in manufacturing industry and 207 cases of applications in energy industry, totaling 331 application cases reported in the literature.
As for the medical application, there is a large body of literatures to document that improvement of success rate of many medical practices, particularly surgical procedures, may be explained by the principle of past learning and experience (Bach et al., 2001; Begg and Scardino, 2003; Earle et al., 2006; Halm et al., 2002; Hassan et al., 2000; Hellinger, 2008; Kaul et al., 2006; Lipscomb, 2006; Meehan and Georgeson, 1997; Poon et al., 2004; Schrag et al., 2000 Schrag et al., , 2002 Tekkis et al., 2005; Vickers et al., 2007; Yohannes et al., 2002) . In short, the central idea is that practice can make it perfect.
In general, performance measure such as unit cost, fatality rate, or suicide rate becomes dependent variable and cumulative experience such as cumulative volume of production, miles driven, energy used, etc. becomes independent variable. The important concept in experience curve is that the greater is the amount of experience, the better becomes the performance measure. Many hundreds of empirical studies have demonstrated that the relation between the cumulative volume and the performance measure follows a constant percentage change. For example, 100% increase in cumulative experience often generates a constant 20% improvement in performance measure. The experience curve has an 80% slope. If doubling of cumulative volume generates 30% improvement in performance measure, the experience curve has a 70% slope. variable is expressed as a logarithmic function. Therefore, it should be obvious that the use of experience curve model for long-term forecasting can be very effective under some circumstances.
There are two major assumptions underlying the use of experience curve for successful forecasting model. First, strong evidence needs to exist which suggest that the estimated experience slope will remain valid throughout the entire forecasting period. Second, cumulative experience need to be measured by a metric which accurately represents the reality of experience.
Dealing with the issue of valid experience slope first, it has been well known that the experience slope may change over time. Boston Consulting Group (1968) may have been the first to observe a piece-wise linear experience slope as a function of the product life cycle. For example, they observed a flat 90% slope for the initial period of new product introduction to be followed by a steeper 70% slope during the period of maturity. They call the second steep slope as "kinked" slope.
Some energy modeling groups also discovered kinked experience slope (McDonald and Schrattenhilzer (2001); Kouvaritakis, et al. (2000) ; Nakicenovic, et al. (1999) ). More recently, Van Sark (2008) has summarized the empirical kinked price slopes which show steeper slope during the later stages in photovoltaic, ethanol and wind technologies. Weiss et al. (2010) reported the kinked experience curve analysis on the energy consumption rate of five major home appliances in two successive time periods before and after the introduction of an energy policy in the Netherlands. The results show significantly higher experience slopes for the later time period. For example, the experience slope of 83% for refrigerators during the first time period (from 1964 to 1994) had increased to 51% during the second period (from 1995 to 2008).
Therefore, we are alerted to look for historical patterns of data during the more recent time period which may follow a steeper kinked slope. If such patterns were to exist, the resulting kinked slope represents more recent historical trend and thus more likely to remain valid throughout the future forecasting time period.
As for the second assumption relating to the selection of an appropriate metric to represent the cumulative experience, it becomes a major challenge, since we are dealing with such a complex social issue as suicide in this paper. It has already been stated that suicide is influenced by a large number of factors varying from social, economic, health, mental health, culture, etc.
One possible candidate for such metric may be the cumulative number of attempted suicides. Another candidate may be the number of new mental patients admitted in institutions. First of all, historical data for these types of metrics is not readily available. Even if it were available, such measure may not reflect the true complexity of varying factors influencing suicide.
The complex and interacting factors may be viewed as social or national learning and experience (Minder, 1987 , Oppe, 1989 ). The higher is the level of social and national experience of coping with suicide, the greater will be the reduction of suicide rate.
Another important issue deals with projecting the future level of social or national experience. The metric used to represent national experience needs to be forecasted for the future year such as 2030 in this study.
Searching for the appropriate measure for independent variable, we have settled on the use of population as the most practical measure. One important reason for our selection is the availability of data. Accurate historical population data for each country is available for the period during 1960 to 2005. Also, the projection of population data is available yearly through 2050 from the International Data Base (IDB) of the US Census Bureau.
When we use cumulative population as the independent variable in the experience curve model, the logarithmic function of cumulative population means that growth rate of cumulative population is relevant rather than cumulative population itself.
For this reason, the annual growth rate of cumulative population of a given country may be viewed as a broad indication of increasing rate of social and national learning to cope with major social issues like suicide. Now we specify two types of experience curves, classical and kinked experience curves, to be used in this study. In both experience curves, the independent variable is the cumulative population size and the dependent variable is suicide rate for a country. Although the case of more than one kinked curve is theoretically possible, we are not aware of any reported empirical cases of multiple kinked curves. Thus, unless the history of suicide rates to be studied displays a multiple kinked pattern, we will limit our analysis to a single kinked curve analysis. It should be noted that x2, cumulative population size for the second period, is also counted from 1960, the beginning year of our study period.
Selection of the kinked year is made by identifying the year when the break in trends is observed. And then, R 2 from the kinked equation beginning with the selected year is calculated. The selected year is finally determined to be the kinked year if R 2 calculated above exceeds the values of other R2s associated with alternative equations which begin with adjacent years. For example, if the initial year selected is 1990, then R 2 from 1990 will be compared with R 2 s from adjacent years of 1988, 1989, 1991, 1992, etc. Finally, the year with maximum R 2 will be determined as the kinked year.
For our analysis, we use historical suicide rate from 1960 to 2005 available from the OECD (2009) and annual population size available from the U.S Census Bureau's International Data Base (IDB) for 25 OECD countries.
Results

Analysis of Suicide Rates for 25 OECD Countries
We have used historical suicide rates published by the OECD (2009) 
Decreased countries 14
Stable countries 2 We present the result of a classical experience curve analysis for the 25 OECD countries using annual suicide rates and cumulative annual population size in Table 2 . The experience slope ranges from the highest of 149.48% (Ireland) to the lowest of 89.69% (Germany). The averaged experience slope is 102.74%, which may suggest that there has been no significant reduction in suicide rate over this period. However, as we observe the patterns of experience curves for individual countries such as Figures 1, 2 , and 3, we have discovered that a majority of countries exhibit significantly greater declining pattern of suicide rate in a later period. Therefore, we have decided to run the kinked experience curve analysis by dividing the whole sample period into two sub-periods. For the kinked experience curve analysis, we have selected 15 OECD countries among the original group of 25 OECD countries. Seven countries for which the experience slope is greater than 106% (Belgium, Poland, New Zealand, Norway, Luxembourg, Ireland, and Spain) and three countries showing extremely unstable fluctuating suicide rates (Japan, Portugal, and Iceland) are eliminated in our kinked experience curve analysis.
Kinked Experience Curve Analysis for 15 OECD Countries
How much change in slope, R 2 and standard error will result from the kinked experience curve analysis? We will use Hungary as an example to answer this question. As Figure 1 shows, in the kinked experience curve, the kinked year for Hungary is 1988 and the slopes for the first and second periods are estimated to be 113.68% and 42.04%, respectively. Thus, according to the kinked experience curve analysis, there was no reduction in suicide rate for the first period, but the doubling of the cumulative population in Hungary would lead to a reduction of 57.96% in suicide rate for the second period. The result for the second period is a sharp contrast to the result of the classical experience curve analysis. In addition, a kinked experience curve fits far better to the historical data than a classical experience curve. The R 2 's (0.90 for the first period and 0.97 for the second period) in the kinked experience curve are much higher than R 2 (0.01) in the classical analysis. Also, the standard errors (0.05 for the first period and 0.03 for the second period) in the kinked experience curve are much smaller than standard error (0.20) in the classical analysis. Figure 1 . Historic experience curve of suicide rate for hungary In Figures 2 and 3 , we show the patterns of both classical and kinked experience curve analyses for Finland and the United Kingdom. The kinked years for Finland and Great Britain are 1992 and 1982, respectively. Again, in Finland and the United Kingdom, we also observe that although the slope for the first period is similar to the slope from the classical experience curve analysis, the slope for the second period is much lower than the slope from the classical experience curve analysis. The R 2 and standard error for the second period are much better than R 2 and standard error from the classical analysis. In Table 3 , we summarize the results of both classical and kinked experience curve analyses for 15 OECD countries. As for the kinked years for our sample of 15 countries, the earliest year is 1980 for Switzerland and the latest year is 1998 for Australia. With the exception of two countries (1998 for Australia and 1992 for Finland), all the other 13 countries had their kinked years during the 1980s. As shown in Table 3 , for each country, the first slope from the kinked experience curve analysis is similar to the slope from the classical experience curve analysis, but the second slope is significantly steeper than the slope from the classical experience curve. The average slope for the first and the second periods from the kinked experience curve is 103.09% and 61.20% respectively, whereas the average slope from the classical experience curve is 98.09%. Thus, while the classical experience curve analysis implies that there was little reduction in suicide rate, the kinked experience curve analysis suggests that, on average, there was no reduction in suicide rate before a kink, but the doubling of the cumulative population for our sample countries would generate a reduction of 39.80% in suicide rate for the second period. The Newey-West t-statistic shows that the difference in slope between the first and second periods in the kinked model is statistically significant for each of the 15 countries. Also, a kinked experience curve fits much better to the historical data than a classical experience curve for our sample of 15 OECD countries. The R 2 's (0.46 for the first period and 0.90 for the second period) from kinked experience curve analysis are much higher than R 2 (0.23) from the classical analysis. The standard errors (0.08 for the first period and 0.04 for the second period) from kinked experience curve analysis are much smaller than standard error (0.13) from the classical analysis.
Overall, the kinked experience curve analysis provides much more accurate forecast of suicide rate in sample than the classical experience curve analysis. More importantly, while the slope from the classical experience curve analysis implies little reduction in suicide rate, the second slope from the kinked experience curve analysis suggests a declining pattern of suicide rate for the second period after a kink. Thus, we will use the estimation result from the kinked experience curve analysis in order to forecast future suicide rate for each of our sample countries. Again we use Hungary as an example to forecast future suicide rate and number of suicides in 2020 and 2030. We add the annual population from 1960 and obtain the cumulative population of 625,023,000 for 2020. Then, we add 10 more years of annual population sizes to the cumulative population size for 2020 in order to compute the cumulative population size of 720,945,000 for 2030.
Forecast of Suicide Rate and Number of Suicides
The forecasts of suicide rates for 2020 and 2030 are estimated by applying these cumulative population sizes to Hungary's estimated kinked experience equation as follows:
As for the forecast of suicide numbers, we multiply suicide rates for 2020 and 2030 by respective annual population for these years as follows: 9,772,000 and 9,426,000 are the annual population size forecasted for 2020 and 2030 respectively by the IDB.
In summary, for Hungary, the forecasted suicide rate and number of suicides in 2020 are 17.1 per 100,000 persons and 1,671 suicides. And the forecasted suicide rate and number of suicides in 2030 are 14.3 per 100,000 persons and 1,348 suicides.
We repeat the same steps in order to obtain forecasts of suicide rates and numbers of suicides for the remaining 14 countries. The results are summarized in Table 4 Table 4 .
Conclusion
We have presented a model of forecasting long-term suicide rate by the kinked experience curve. In our model, future suicide rate is determined by the projected cumulative population size. As far as we are aware, this is the first application of the experience curve to forecasting suicide rate. As a matter of fact, our study is one of the very few attempts to systematically forecast suicide rate over a long-term period. One exception is the often quoted WHO's forecast of 1.53 million suicides that may account for 2.4% of all global deaths by 2020 (WHO, 1999) . The reason why there are so few studies on forecasting suicide rate is that suicide rate is influenced by a large number of complex factors. These factors can be hardly predicted specially for the long-term future. Instead, we propose a simple forecasting model as alternate to multivariate models using on experience curve which is successfully used as a forecasting model in many other areas
The results of our analysis for the 15 OECD countries are remarkable in that every country shows kinked patterns without exception. In the kinked experience curve analysis, we have divided the whole sample period into two sub-periods for a country. Then, our sample countries show little reduction in suicide rate before a kink, but exhibit declining pattern of suicide rate in the later period.
In the use of experience curve as a forecasting tool, it is important to be able to answer the two important questions. First, will the experience slope remain valid throughout the forecasting period? Second, what is the appropriate measure for the independent variable of cumulative experience? The inability to answer these two questions adequately can become the limiting factors in long-term forecasting by the experience curve model. We believe that we have made a significant progress in answering these questions in our analysis. However, further future research on these question is recommended. Finally, we may use the experience model to forecast future suicide rate by sex and age groups as well. We also hope that this study will prompt others to undertake alternative methods of forecasting future suicide rates and other types of accidents and events which constitute major social issues.
